Background: The etiology of multifocal osteonecrosis is not definitively known; however, hypercoagulable state is a very plausible cause. Methods: We present an unusual case of a 12-year-old boy with a history of Legg-Calve-Perthes disease presenting with right wrist pain who was subsequently diagnosed with Kienbock's disease. The finding of multifocal osteonecrosis prompted testing for a hypercoagulable state that was positive for Factor V Leiden thrombophilia. A thorough literature review using Medline database was conducted to investigate associations between inherited hypercoagulable states and multifocal osteonecrosis. Results: Our literature review identified 2 similar cases of multifocal osteonecrosis associated with a hypercoagulable disorder in adult patients. There were no reports among the pediatric patient population. Meta-analysis has demonstrated a potential link between Legg-Calve-Perthes disease and Factor V Leiden thrombophilia. Conclusions: This study offers further evidence to support the theory that multifocal osteonecrosis may be linked to a hypercoagulable state. Patients presenting with multifocal osteonecrosis should undergo screening for hypercoagulable states. Further investigation is needed to ascertain the potential benefit of prophylactic anticoagulation in patients with a known hypercoagulable state and multifocal osteonecrosis.
Introduction
The genetic and environmental variables that predispose to atraumatic osteonecrosis of bone are poorly understood. Hypercoagulable states have been hypothesized to be a contributing factor in the development of osteonecrosis due to the implicated effects on vascular thrombosis and impaired blood flow to bone. 2 There have been conflicting reports in the literature regarding the association between osteonecrosis and thrombophilias. Several studies have linked osteonecrosis to hypercoagulable states including Factor V Leiden thrombophilia. 1, 3, 5, 12 Other studies have failed to find any correlation between hypercoagulable states and the development of osteonecrosis. 10, 11, 13, 14 Here we present a case of an 18-year-old boy with attention deficit hyperactivity disorder (ADHD) and Asperger syndrome, who developed bilateral Legg-Calve-Perthes disease and Kienbock's disease (avascular necrosis of the lunate) of the right wrist. The finding of multifocal osteonecrosis prompted testing for hypercoagulability that revealed Factor V Leiden thrombophilia.
Case Presentation
At first encounter with our service, a 12-year-old obese, white male presented for the complaint of right wrist pain. A brief overview of the patient's past medical history included a diagnosis of ADHD and Asperger syndrome and obesity secondary to the limitations of his bilateral Legg-Calve-Perthes disease. The patient lived with his grandparents. His mother had severe diabetes and died 9 months after he was born and his father died 3 years ago from a bone malignancy. According to the patient's grandparents, the father walked with a limp but the cause was never investigated. There was no known family history of deep vein thrombosis, pulmonary embolism, or other blood clotting disorders. The patient had taken Memantine in the past for his ADHD; his current medications included Tylenol and Ibuprofen as needed for pain. He underwent a sleep study several months ago that did not reveal any evidence of sleep apnea. Informed consent was obtained from the patient to be included in this study.
The patient was first evaluated for problems related to osteonecrosis at the age of 4 when he presented with complaints of intermittent pain in his left hip and an associated limp. The patient was generally healthy with no history of trauma to his hip. On physical examination he had an antalgic gait and pain with internal rotation of the left hip. Radiographs that included anterior-posterior and frog views of the pelvis showed both hips to be symmetric with no obvious pathology; however, subsequent magnetic resonance imaging revealed asymmetry of the hips and changes consistent with Legg-Calve-Perthes disease of the left hip. He was treated with traction and a physical therapy program aimed at improving range of motion.
Four years after being diagnosed with Legg-Calve-Perthes of the left hip, the patient presented to the clinic at the age of 8 with new complaints of right hip and thigh pain. There was again no history of trauma or other obvious risk factors for the development of hip osteonecrosis aside from his previous diagnosis of Legg-Calve-Perthes disease. Radiographs of both hips revealed preexisting left-sided Legg-Calve-Perthes disease with a bilobed femoral head and a very short flat epiphysis. His right hip showed signs of early Legg-Calve-Perthes disease that included sclerosis and flattening of the femoral head. The patient was followed for a period of 1 year, during which time his right hip pain worsened significantly and his range of motion continued to decrease. Due to the degree of degeneration and symptoms, a right hip valgus osteotomy with adductor tenotomy was performed. Following the surgery, he had improvement in pain symptoms, but continued to walk with a limp. There was persistent right hip pain, which was addressed with a hardware removal at 9 months postoperatively. Subsequently, the patient was pain free, but with a persistent limp. During this period, he was able to participate in physical education classes at school and has joined the school wrestling team.
At age 12 at a routine follow-up of his bilateral Legg-Calve-Perthes disease, the patient reported persistent pain and clicking in his right wrist after falling onto his outstretched hand. He did not have any pain immediately after the fall; the pain began a few weeks after his fall and progressively worsened over a period of 8 weeks. The patient is right-hand dominant and the pain significantly impaired activities at school, such as writing and using the computer. On physical exam, there was tenderness over the lunate and increased pain with grip. Wrist radiographs demonstrated loss of lunate height and sclerosis without carpal collapse relative to the left wrist ( Figure 1) . The patient underwent a revascularization procedure to address the osteonecrosis and collapse of the lunate, which involved debridement of necrotic portions of the lunate and vascularized bone graft inset. One-year follow-up radiographs demonstrate restoration in lunate height (Figure 2) .
After the diagnosis of Kienbock's disease was made, a hypercoagulability workup was performed to look for abnormalities that might be contributing to the development of osteonecrosis. Studies were performed to assess for multiple hypercoagulable states including abnormalities of protein C and S, hyperhomocysteinemia, antithrombin III deficiency, factor II abnormalities, and Factor V Leiden thrombophilia. Genetic testing revealed that he was a carrier of an F5 gene mutation, consistent with Factor V Leiden thrombophilia. He was started on a daily aspirin for prophylaxis against future episodes of osteonecrosis. Anticoagulation therapy with warfarin was considered but was decided against due to a lack of evidence supporting its use for this indication, its associated risk of bleeding, and need for close follow-up.
The patient is now 6 years following the vascularized bone graft procedure and continues to do well in regard to wrist motion. Overall wrist motion on the effected side is 70° of flexion and 40° of extension compared with 70° of flexion and 50° of flexion on the contralateral side. Grip strength (as measured by the Jamometer) is 24 kg on the right and 29 kg on the left. Radiographs reveal a stable lunate with excellent maintenance of lunate height (Figure 3 ). Pain is improved with a VAS of 0 at rest but can rise to a 2 with strenuous activities. The patient does not take medication to control wrist pain and has returned to normal activities with the upper extremity. His bilateral hip pain has persisted and worsened, for which a plan has been made to proceed with bilateral total hip arthroplasties.
Discussion
Kienbock's disease and Legg-Calve-Perthes disease are both rare disorders. The incidence of Legg-Calve-Perthes disease varies geographically and has its highest reported incidence in Ireland with an incidence of 1 per 607 children. 6 Bilateral disease is significantly less common than unilateral disease accounting for about 10% of total cases. 7 Kienbock's disease is extremely uncommon in the pediatric population, and its true incidence is unknown. 1, 4, 8 The presence of bilateral Legg-Calve-Perthes disease and Kienbock's disease in our patient suggests an intrinsic predisposition to multifocal osteonecrosis. Factor V Leiden thrombophilia may be a contributing factor to this predisposition. While a clear association has yet to be reported in any large series, a recently case of bilateral Kienbock's disease, bilateral Legg-Calve-Perthes disease and a history of transient ischemic attack in a 35 year old male, has been reported. 14 In a case report published by Rostom et al, a 50-year-old female with antiphospholipid antibody syndrome developed bilateral osteonecrosis of the hips and lunate. 2 This unusual presentation of multifocal osteonecrosis is similar to what was seen in our patient with Factor V Leiden thrombophilia. The fact that osteonecrosis occurred at similar anatomical locations may indicate that a common mechanism of pathogenesis is at work, with hypercoagulability being an important factor in the development of multifocal disease.
The risk of venous thrombotoembolism (VTE) is an important consideration among patients with a known hypercoagulable state. Gomez-Puerta and colleagues recently reviewed a series of patient with multifocal osteonecrosis and found that 48% had a detectable coagulation abnormality. 7 Of these patients, 28% had a VTE (similar to the general population), compared with 60% in the multifocal osteonecrosis group lacking a hypercoagulable state. However, Factor V Leiden was the most common hypercoagulable state among patients who had a VTE. These findings do not suggest that patients with multifocal osteonecrosis and hypercoagulability are necessarily at an increased risk of VTE and further longitudinal studies are warranted to better delineate the presence of this risk.
The lunate has been considered to be a bone "at risk" due the anatomy of its vascular supply. Previous vascular studies by Gelbermann found that 12% of lunates had a single site of arterial inflow, potentially placing it at higher risk of injury and subsequent vascular compromise. 13 Other theories of the etiology of Kienbock's disease have focused on mechanical predisposition to repetitive injury. However, surgical techniques which have attempted to restore lunate blood flow following the development of Kienbock's disease have been shown to be very successful at relieving pain and preventing progression of disease. 9, 10, 12 To date there have been few studies specifically looking at the association between multifocal osteonecrosis and hypercoagulable states. A recent meta-analysis has demonstrated that the Factor V Leiden mutation is significantly related to Perthes disease. 15 A case series of 26 patients also suggested that thrombophilia was associated with both idiopathic multifocal osteonecrosis and secondary multifocal osteonecrosis, as was the eNOS T-786C polymorphism. 6 The current case report also indicates that hypercoagulability may play a prominent role in the development of multifocal osteonecrosis. Further research is needed to determine the role of hypercoagulability in the development of osteonecrosis. If a clear association with multifocal osteonecrosis is found, then there may be a role for routine screening of patients with a single episode of osteonecrosis to determine those at higher risk of development of subsequent episodes of osteonecrosis. Those who are identified to be at high risk may benefit from long-term prophylactic anticoagulation with medications such as aspirin, or warfarin.
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